Background: Perioperative exacerbation of hyperglycemia and insulin resistance is associated with increased complications in patients with diabetes mellitus. We recently reported that glucose load during anesthesia with sevoflurane suppressed lipid catabolism in diabetic patients. In contrast to inhaled anesthetics, propofol solution contains triglycerides, which can be an energy source during surgery. However, the clinical relevance of glucose load under propofol-based anesthesia in diabetic patients is unknown. Therefore, we investigated the effect of intraoperative glucose load on catabolism during propofol-based anesthesia in patients with diabetes mellitus. Methods: Twenty-three patients with diabetes mellitus undergoing elective surgery with propofol-remifentanil-based anesthesia were randomly assigned to receive a glucose load (1.5 mg/kg/ min) or not. Plasma levels of glucose, insulin, cortisol, catecholamines, acetoacetic acid, free fatty acids, ketone bodies, 3-hydroxybutyric acid, and 3-methylhistidine/creatinine, used as a marker for protein catabolism, were measured at the start of surgery and 3 h later. Results: Glucose and insulin levels were significantly higher in patients who received a glucose load than in those who did not. Nonetheless, the levels of cortisol and catecholamines were unchanged during surgery. Similarly, the difference in the levels of markers for lipid as well as protein catabolism was not significant between the groups at 3 h after the start of surgery. Conclusions: Changes in lipid as well as protein catabolism were not altered by glucose load in diabetic patients under propo-* Corresponding author.
Introduction
Impairment of glucose tolerance during anesthesia is induced by stress response to surgery and increases the release of catecholamines and stress hormones such as cortisol, leading to hyperglycemia. A sustained hyperglycemic state may lead to postoperative complications including the attenuation of the immune response to infection, delayed wound healing, and increased mortality in patients with diabetes mellitus [1] .
A recent study showed that the infusion of low-dose glucose attenuated fat catabolism without inducing hyperglycemia in non-diabetic patients under remifentanil-based anesthesia with sevoflurane [2] . We recently reported that glucose load during surgery under remifentanil-based anesthesia with sevoflurane decreased fatcatabolism in diabetic patients, without changing protein sparing and the secretion of stress hormones regulating glucose homeostasis [3] . The increase in fat catabolism can cause ketoacidosis and elevation of plasma free fatty acids; both of which are linked to sudden death due to increased myocardial oxygen consumption and induction of arrhythmia [4] . Therefore, intraoperative glucose infusion might be beneficial during surgery in patients with diabetes. It is reported that propofol-based anesthesia with sufentanil prevents elevation of blood glucose, cortisol, and catecholamine concentrations and attenuates the hyperglycemic response, compared with enfluranebased anesthesia in patients undergoing lower abdominal surgery [5] . Taken together with the previous report that preoperative fasting increases lipid catabolism [6] , it is likely that the lipid component (i.e., triglycerides) in the propofol solution can be used as an energy source against surgical stress, leading to the prevention of hyperglycemia and catabolism, and reduce the requirement for glucose load, compared with sevoflurane-based anesthesia. Therefore, we investigated the impact of glucose load on fat and protein catabolism in diabetic patients undergoing propofol-based anesthesia with remifentanil during surgery.
Materials and Methods

Patients
We enrolled 29ASA II patients undergoing elective surgery from August 2013 to July 2014, who were previously diagnosed with diabetes according to the guidelines of the Japan Diabetes Society (fasting plasma glucose level >126 mg/dL and 75 g oral glucose tolerance test >200 mg/dL, or glycosylated hemoglobin [National Glycohemoglobin Standardization Program] >6.5%, or casual plasma glucose level >200 mg/dL) were enrolled The patients were randomly assigned to receive a glucose load G(+) or a non-glucose load G(-) (Figure 1) . The fasting time of all patients was 8 h before entry to the operating room. Patients receiving preoperative glucose infusion, or perioperative corticosteroids, catecholamines, and blood transfusion were excluded from the study.
Ethics
The study was approved by the Ethics Committee of Kagoshima University Hospital (No. 25-18) on May 31 2013, and registered with the University Hospital Medical Information Network Center (ID: UMIN000010914). Informed consent was obtained from all patients enrolled in this study.
Anesthesia
After arrival in the operating room, a 20 G catheter was inserted into the patient's forearm and bicarbonate Ringer's solution was infused. Patients in the G(+) group were administered a 10% glucose solution with glucose-free bicarbonate Ringer's solution at a rate of 1.5 mg/kg/min. General anesthesia was induced by targeted controlled infusion of propofol (3.0 -4.0 μg/mL), remifentanil (0.3 -0.5 μg/kg/min), and rocuronium bromide (0.6 mg/kg), and maintained with propofol (2.0 -3.0 μg/mL) and remifentanil (0.1 -0.5 μg/kg/min) in order that bispectral index was maintained between 40 and 60. Rocuronium bromide was given intermittently based on train-of-four monitoring. Changes in the infusion rate of a glucose-free plasma substitute within 5 -10 mL/kg/ min were allowed, depending on bleeding volume and hemodynamic changes. Plasma concentration of glucose was measured hourly. Insulin was intravenously administered if the plasma concentration of glucose exceeded 200 mg/dL. The tidal volume was set at 8 mL/kg, the respiratory rate at 10 -12/min, and the O 2 /air mixture at FiO 2 0.4 -0.5 to maintain an end-tidal CO 2 of 35 -40 mmHg. Patients receiving glucose infusion before operation, corticosteroids, catecholamines, and blood transfusion in the perioperative periods were excluded from the study.
Measurements
Blood samples were obtained at the start of surgery and 3 h later. Blood samples were centrifuged at 150 g at 4˚C for 10 min, and plasma and serum samples were stored at −20˚C until analysis. Plasma glucose was measured by the hexokinase UV method, dopamine, adrenaline, and noradrenaline by catecholamine tests, and urine 3-methylhistidine (3-MH) by high-performance liquid chromatography. Serum levels of free fatty acids, ketone bodies, acetoacetic acid, 3-hydroxybutyric acid and creatinine (Cr) were measured enzymatically; serum insulin by a chemiluminescent enzyme immunoassay; and serum cortisol by radioimmunoassay. The assays were performed by SRL Inc (Tokyo, Japan).
Statistical Analysis
The primary end point was determined based on the previous studies [2] [7] . The minimum number of patients in each group was 11, with an α value of 0.05 and a power of 80%. Demographic data were analyzed using an unpaired t test and χ 2 test. The difference between the groups was evaluated using two-way analysis of variance followed by the Bonferroni test. Data are presented as mean ± standard deviation. P < 0.05 was considered statistically significant. All statistical analyses were performed with Prism 5 (Graph Pad Software, San Diego, CA, USA).
Results
One patient was excluded because of preoperative glucose infusion before operation. Three patients from the G(+) group and two from the G(-) were excluded because of protocol violation, blood transfusion, or intraoperative administration of catecholamines or corticosteroids (Figure 1) . The characteristics of patients ( Table 1) and types of surgical procedures ( Table 2) were similar between the two groups.
The plasma glucose level at 3 h after the start of surgery was significantly higher than that at the start of surgery in patients receiving glucose infusion (G(+): 176.5 ± 20.2 vs. 148.4 ± 18.5 mg/dL, respectively; P = 0.0028), whereas the glucose level at 3 h was significantly lower than that at the start of surgery in the G(-) group (103.9 ± 10.0 vs. 114.6 ± 12.3 mg/dL, respectively; P = 0.0294) (Figure 2) . The glucose level at 3 h was significantly higher in the G(+) compared with G(-) group. No patients received perioperative intravenous insulin. Similarly, the serum level of insulin at 3 h was significantly higher than at the start of surgery in the G(+) group (14.8 ± 14.2 vs. 6.2 ± 6.5 µIU/mL, respectively; P = 0.0383), whereas the serum level of insulin was unchanged (4.8 ± 4.9 vs. 4.7 ± 4.7 µIU/mL, respectively; P = 0.99). Serum levels of insulin at 3 h were significantly higher in the G(+) group than in the G(-) group (14.82 ± 14.18 vs. 4.73 ± 4.68 μIU/ml, respectively; P = 0.012). The data of the two groups did not differ significantly with respect to the levels of cortisol, dopamine, adrenaline, and noradrenaline at any time point. The serum levels of acetoacetic acid, total ketone body, 3-hydroxybutyric acid, and free fatty acids did not differ between the G(+) and G(-) groups at any time point. However, in the G(+) group, the levels of acetoacetic acid (0 h vs. 
Discussion
Surgical stress induces insulin resistance by increasing the release of stress hormones that antagonize insulin action, such as cortisol, adrenaline, and noradrenaline, leading to the impaired glucose tolerance, cellular starvation, protein catabolism, and hyperglycemic ketogenesis. It is reported that blood glucose increases during maintenance of anesthesia with isoflurane compared with propofol during abdominal hysterectomy in patients with diabetes [8] , suggesting that the lipid supply of propofol infusion inhibits hyperglycemia due to surgical stress. In our previous study, the levels of acetoacetic acid and total ketone bodies were decreased in diabetic patients receiving a glucose load under sevoflurane-based anesthesia with remifentanil. In contrast, in the present study, glucose load under propofol-based anesthesia with remifentanil did not alter the levels of stress hormones and markers of fat catabolism at 3 h after the start of surgery although the levels of glucose and insulin were significantly elevated by glucose load. In this study, we used Diprivan (Astrazeneca Pharmaceuticals LP, Wilmington, DE, USA) as the propofol solution, which formulates propofol with long-chain triglycerides. In contrast, the formulation of PropofolLipuro® (B. Braun, melshungen AG, Germany) formulates propofol in a mixture of medium-and long-chain triglycerides. Although pharmacodynamics and pharmacokinetics assessed by time to induction of loss of consciousness and time to awaking does not differ between the two formulations [9] , medium-chain triglycerides forming the lipid emulsion of Propofol-Lipuro are more rapidly metabolized, accelerating the production of ketone bodies such as acetoacetate and β-hydroxybutyrate [10] . Nagao et al. reported that the 3-MH/Cr ratio significantly increased after the start of surgery in non-diabetic patients receiving sevoflurane-based compared with propofol-based anesthesia [11] . The serum concentration of free fatty acids and triglycerides in the propofol group was significantly increased compared with those in the sevoflurane group, whereas the difference in the serum concentration of ketone bodies was not significant. Propofol-Lipuro 1%, which was an oil-in-water emulsion containing 1% propofol in a 1:1 mixture of 5% medium-and 5% long-chain triglycerides, was administered in the propofol group. Therefore, the difference in lipid and protein catabolism between sevoflurane and propofol-based anesthesia in their study might have been owing to the presence of midium-chain triglycerides in the propofol solution. In addition, we cannot distinguish the effects of propofol itself from those of fat emulsion. Therefore, the impacts of the different lipid additives of the propofol solution on metabolism in patients with diabetes must be elucidated by comparing metabolic changes during anesthesia with propofol containing medium-and long-chain triglycerides.
Previous studies have shown that the serum level of insulin is significantly lower during surgery under isoflurane-based anesthesia with remifentanil compared with propofol-based anesthesia with remifentanil with no changes in cortisol levels in patients undergoing craniotomy [12] , This suggests that anesthetics might influenceinsulin secretion or resistance. Taken together with our previous study, the levels of glucose and insulin were increased by glucose infusion similarly during surgery under propofol-and sevoflurane-based anesthesia in diabetic patients receiving glucose load [3] . This suggests that insulin secretion and its effect against glucose elevation is similar regardless of the anesthetics used in diabetic patients. In addition, the difference in anesthetics might be less significant under combination with remifentanil. Continuous infusion of high-dose remifentanil during elective gastrectomy reduces postoperative insulin resistance compared with the use of low-dose remifentanil, while postoperative muscle protein catabolism is unchanged [13] . Therefore, remifentanil might have an inhibitory effect on insulin responsiveness regardless of combined anesthetics.
We cannot deny the possibility that the type of surgical procedure, the composition of transfusion, and consumption of remifentanil and propofol affected the production of metabolites measured in this study. The baseline levels of acetoacetic acid, total ketone bodies, and 3-hydroxybutyric acid in patients receiving glucose load were elevated although the difference was not significant (Figure 3) . The glucose infusion was started before the induction of anesthesia, therefore, glucose load to patients undergoing 8-h fasting might increase lipid catabolism until the start of surgery. In addition, the measurements were performed only at the start of surgery and 3 h later. Because these markers for fat catabolism were significantly decreased at 3 h compared with at the start of surgery in patients receiving glucose load, glucose infusion under propofol anesthesia with remifentanil might suppress lipid catabolism. Small sample size of the study is associated with a decrease instatistical power. Further investigation is required to evaluate long-term effects of glucose infusion on catabolism in prolonged operations.
Conclusion
Our study revealed that, in diabetic patients undergoing surgery with propofol-based anesthesia with remifentanil, administration of an intraoperative glucose load did not alter the production of stress hormones, or fat or protein catabolism despite the increased levels of glucose and insulin. These results suggest that, in contrast to sevoflurane-based anesthesia, propofol might inhibit fat catabolism in diabetic patients in the absence of glucose infusion.
